Abstract -Due to the abundance of fossil fuel resources in Russia, the development of the renewable energy market there was delayed. Recent technological advancement has led to an increasing interest in biofuel production. The aim of research was to evaluate how biofuels are introduced into the current energy scheme of the country. The potential production of biofuels was estimated based on sustainable approaches which provide solution for carbon emission reduction and environmental benefits. Russia still requires biofuel policy to make biofuels compatible with traditional fossil fuels.
Since the beginning of the XXI century, biofuel production and consumption is constantly growing. The desire to reduce greenhouse gas emissions and to be less dependent on fossil fuel even further promotes biofuel development. Meanwhile, different biomaterials suitable for biofuel production make biofuel production attractive worldwide. However, Russia, as a main leader in fossil fuel export, had not been developing a bioenergy sector. Nonetheless, the availability of land and biomass resources creates favorable conditions for biofuel development.
The introduction of an innovative product is always a challenge for producers and the government. Biofuel is a new fuel for the Russian market and it is very important to properly present it to consumers. Currently, Russia has a relevant task to improve energy efficiency and find alternative sources of energy. Biofuel use is one possible way to reduce fossil fuel consumption in Russia. The government has already started to pay attention to biotechnology; however Russia still does not have a strong biofuel strategy. New biofuel facilities are established each year but the legal framework of the country creates barriers to local use.
II.THEORETICAL FRAMEWORK
Sustainable development means meeting the needs of the present without compromising the ability of future generations to meet their own needs [1] . Many scales were implied to study sustainable development including social, environmental and economic frames.
A visual representation of the sustainable development of the biofuel industry ( Fig.1) shows the main aspects of the core concepts of sustainability within the framework of sustainable development. Three equally weighted categories of impact are usually considered: social, environmental, and economic [2] . There are issues that arise on the edges of each category, like social-environmental, environmental-economic and socialeconomic which, connected together, create the sustainable development of the industry. Regarding biofuel industry development, the main environmental-economic issues lay within the framework of energy efficiency, which requires biofuel production to become environmentally-friendly, in order to sustain the main idea of biofuel as an alternative fuel which can replace fossil fuel and be competitive in the market. Moreover, environmental-economic issues promote incentives to use natural resources involved in biofuel production in a rational way to produce waste and pollution as little as possible. Economic-social issues reflect problems regarding the fair trade of biofuel with a transparent production cycle and business ethics. Social-environmental problems refer to the concept of environmental justice and equal distribution of environmental wellness, as well as local and global natural resource stewardship. Social-environmental problems are connected to the biofuel production that should not compromise opportunities of people to have clean environment.
Proper consideration of all three aspects establishes sustainable biofuel production which will be beneficial to people and business and will be environmentally friendly for nature. A structuring of responsibilities for sustainable production can be based on sustainable development diagram (Fig. 1) .
Based on the diagram, it is possible to conclude how sustainable approach may be implemented by government in cooperation with private companies (Fig. 2) .
In order to provide environmental-economic security, governmental institutions should provide conditions for businesses to develop and create a legislative framework for companies to work in. The figure below shows the key responsible governmental institutions in Russia. Socialeconomical demands are ensured by public-private partnerships, research and innovation programs, financed by the government or private investments and biofuel associations, to establish a proper response on the social demands for biofuels. Finally, social-environmental issues might be solved through the regional government which can respond to a social request faster and more efficiently.
The national government creates a basis in regard to an environmental strategy for the regional and municipal authorities to locally implement biofuel incentives and programs to respond to the social and economic demands.
III.CURRENT SITUATION IN THE BIOFUEL MARKET IN RUSSIA
Biofuels have gained a lot of attention in recent years, global Biofuel production increased from 209 900 barrels per day in 2000 to 1,510 300 barrels per day nowadays [3] . Modern technology makes it possible to produce biofuel in every part of the world, and Russia is no longer an exception. Naturally rich in fossil fuels, Russia is the second largest oil exporter and the first largest natural gas exporter in the world [4] ; moreover Russia is also a large consumer. A strong and effective energy policy is a vital necessity for a compatible economy and the sustainable development of the country. A lot of attention is being paid recently to effective energy management in Russia. The new "Russia's Energy Strategy up until 2030" establishes the goal of an efficient, environmentally-friendly and financially-effective energy development strategy [5] . The reason behind this ambition is to renovate the out-of-date current energy system which is inefficient due to the low prices for energy resources, cold climate, energy intensive production, and outdated power technology equipment [6] . As a result, Russia needs 2,3 times more energy to produce one unit of GDP than the global average [6] . According to the "Russia's energy strategy", the country can save up to 360-400 million tons of oil equivalent (toe), which is about 39-45% of the current annual energy consumption [5] .
One of the ways to achieve effective energy management is the development of renewable energy. Attention to renewable energy sources remained very low until recent times due to the availability of traditional energy sources. Russia currently uses only 1% renewable energy from the total amount of its energy consumption [7] . The almost total abandonment of renewable energy has changed with the reformation of the energy policy. The target for 2020 is to increase the use of renewable energy sources up to 4,5% from the total amount of energy consumption [5] . It is impossible to switch completely to renewable energy in a short period of time, but now the priorities for energy development are nuclear, hydro power and other sources of renewable energy. It is expected to produce over 30 million kWh of renewable energy per year [5] .
Besides having a sufficient amount of fossil fuel resources, Russia has a lot of land which is hard to reach due to its remote location (e.g. the Republic Yakutia) and therefore the use of traditional energy sources in these locations leads to significant energy losses. It is strategically reasonable to use available alternative energy sources, such as biofuels in these regions, as biofuel use can be a solution for the problem of fulfilling local energy demands. That is why local biofuel production is very important nowadays.
IV.BIOFUEL INCENTIVES
The government started to pay attention for the biotechnological industry rather recently, until 2008 there were no attempts to develop or systematize a governmental strategy regarding biotechnology. In Russia the development of biotechnology and particularly the biofuel industry has a bottom-up approach. The tendency of an increasing interest in biofuel on a global scale made producers in Russia begin biofuel research and development on a country level. The process of developing of legal framework was facilitated by the business biotechnological and biofuel associations. In January 2010, "A draft of the biotechnological industry development strategy until 2020" was presented in Russian parliamentary hearings which were the beginning of legal strategic policy planning for biotechnology. This was a joint effort of governmental and non-governmental organizations to establish a plan for the development of the biotechnological industry.
The aim of the Strategy is to implement industrial biotechnology to Russia using modern innovative approaches for the production of import-free domestic biotechnology products. It is a complex strategy that involves the innovative development of production, network formation, project development and financing mechanisms, including the development of a legal, economic and organizational framework, as well as the improvement of access to information and a system of training and education.
A. Governmental incentives
Biofuel production and technological development proceed while the legislation base is still at a stage of development. Federal laws "About the use of alternative types of motor fuel" and "About heat supply" presented to the state assembly in 2005, which would regulate stimulation measures for biofuel use in transportation and heat production on the governmental level are still at the stage of ratification. It is a complex program that involves all the types of renewable energy and promotion of biofuels use for the industry and private consumers. The laws are established to fulfill several functions [7] :
• Stimulation of renewable sources of energy use in heat and electricity production;
• Development of investment mechanisms;
• Governmental assistance to small-scale business;
• Establish equal competitive advantages in the market to biofuels;
• Legal promotion of bioenergy use;
• Raise awareness and facilitate information exchange and accessibility;
• Stimulation mechanisms for bioenergy consumers. The Federal Program "Increase of energy consumption efficiency" was developed by the Ministry of Energy in order to sustain energy efficiency and promote the use of alternative energy in general and bioenergy in particular. One of the targets of the program is to create conditions for the innovation and use of alternative energy sources, biofuels for boilers and transport which will open new opportunities for energy savings [8] .
B. International Collaboration
Russia actively participates in international cooperation in the development of innovative technologies. Cooperation and partnerships are established with many international programs and organizations such as the International Energy Agency, the International Council on Large Electric Systems, the International Partnership for Hydrogen and Fuel Cells in the Economy, the International Partnership for commercial use unconventional methane resources, the Global Bioenergy Partnership [7] .
C. Investment program
In 2005 the Ministry of Economic Development and Trade, together with World Bank, created a "Russian Federation: Renewable Energy Project" subsidized by the Russian government and the Global Environmental Facility. The aim of the program is to solve the main barriers (financial, informational and institutional) for the development of renewable energy in Russia [9] .
The program intends to provide technological assistance as well as investment support. By technological assistance it is assumed to support the development of legislation, federal programs for renewable energy and the creation of a modern database about technologies. The estimated total cost of the project is 80 million dollars and around 15% of the project will be invested in bioenergy [10] . As a result, the program expects to contribute to CO 2 reduction, stimulate local energy generation in remote areas in Russia, and promote energy efficiency. The stimulation of industrial development by the project, improvement of infrastructure and the creation of jobs reinforces a positive social impact from the project.
D. Local and private incentives
The production of biofuel in Russia started by the private incentives in response to the growing European demand for biofuel. The first biofuel plans were small-scale productions on the experimental stage which created further development to local administration programs. Municipal and regional governments develop complex programs for bioenergy development, for instance the Republic of Chuvashia [11] and Republic of Tatarstan [12] adopted "A Strategy of Regional Bioenergy Development until 2020". According to the development strategy in Chuvashia, there is an intention to establish not only medical research centers for biotechnology development, plants for bio-additives production but also to construct several biofuel production centers intended to produce biodiesel, bioethanol and wooden pellets.
Targeted strategies for biofuel production and use were enacted on a regional level in order to promote biofuel use and production. For instance the Rostov region and Altay territories refine biodiesel production through a targeted regional program [13] , the Leningrad regions promote biofuel use through a targeted program of wood production development in order to make wood production environmentally friendly by introducing a new production cycle which allows to produce pellets and bioethanol from waste wood [14] .
Another type of biofuel incentive was adopted by Moscowcity government. This local incentive aims at introducing biofuels in city gasoline stations. The measure was created to reduce the level of harmful emissions from transport in the city. According to the city administration around 80 per cent of total emissions in the city come from transport [15] . The resolution provides a program for the promotion of biofuel use in public transport, as well as private. The department of transport and communication of Moscow foresaw an upgrade of buses in the public transportation system -several buses will use biofuels. As a pilot project attempt, a municipal public transportation company will be equipped with 300 busses working on dimethyl ether. The main challenge for the introduction of the new fuel to the general public is the creation of a convenient infrastructure for fuel supply, this obstacle is planned to be retrieved by the regulation to use at least one alternative fuel in the newly planned gasoline stations. Stimulation measures like tax exemption for private cars and compensation for vehicle upgrading were used for alternative fuel in Moscow [15] .
Biofuel promotion measures are important to increase the public acceptance of biofuels. The Novgorod regional government is preparing a program for subsidizing pellet use in private housing. Locally-produced, pellet-fueled boilers bought for local heating supply will be subsidized up to 50% from the regional budget [16] .
E. Local educational partnership
Educational collaboration is the main way to create the sustainable production of biofuel, to establish export cooperation and to create a basis for the exchange of experience. The Northwest federal district and the Swedish governmental program for Environmentally Adapted Energy System established cooperation and research for biofuel energy innovations which would result in the sustainable growth of biofuel production in Russia [17] . Sweden is a wellknown leader for bioenergy use worldwide and educational and research cooperation contributes to the development of new technologies and mutual benefits.
The established project is aimed at creating mechanisms to create sustainable forestry and to improve forest management by a zero wastes plan, and to propose efficient technologies for the facilitation of waste wood use for pellet production [17] .
F. Private incentives
The continuous rise of oil prices makes consumers search for cheaper alternatives. The fact that transport engines which work on biofuels are not yet widespread in Russia make the promotion of biofuel use difficult; biofuels are not properly introduced to private consumers that has made biofuel as motor fuel hardly accepted by the general public. Private companies are following the development of production and improvement of infrastructure facilities. Some companies started trials to check the compatibility and quality performance of biofuels.
During 2006-2007 the Russian Railways company organized trials for biodiesel from rapeseed. The performance of the locomotives was tested using 5, 10 and 20% blends of biodiesel [18] . The outcomes of testing proved that biodiesel has equal characteristics with fossil diesel and on some factors shows even better results. Russian Railways is ready to use biodiesel as a fuel for the trains. The interest in biofuels by the major railway company increased attention to biodiesel production in the region, and the oil manufacturer Masloproduct Company decided to build a biodiesel factory to supply Russian Railways with biodiesel [18] . Thus, the amount of biofuel produced correlates with the demand from consumers. The local consumption of biofuels might be increased by proper promotion measures through the mass media and governmental support.
Another incentive was made by a car manufacturing company AutoVaz to promote biobutanol use and announce research on butanol engines. In September 2008 the company organized a long-distance autocross using a biobutanol blend. Nevertheless, the large-scale car production which would be suitable to use biobutanol as a fuel needs, is not yet fully completed [19] . According to the interview with the presscenter, further work on engine modification will be initiated only after sufficient level of biobutanol production in Russia is reached and necessary infrastructure is developed for biofuel use such as gasoline stations network.
Hence, this lack of attention to biofuels represents a common attitude of car manufactories and demonstrates that the complex approach for production development is necessary. Private companies are ready to use biofuels but investment in the development of new technologies to use biofuels requires confidence that this technologies will be in demand.
G. Tendencies on Biofuel market
The survey of regional biofuel development shows a strong tendency for export oriented production, because of legislation barriers that prevent the local use of bioethanol. Moreover, only few regions (Novgorod and Leningrad regions) created local programs for biofuel use.
The examples of biofuel development in the regions provided above are not complete due to limited updated information and lack of information about small scale production. The majority of the companies producing bioethanol and biobutanol are large scale production companies with a big investment capital. Small scale production is considered unreliable and unprofitable due to export orientation of production and the low development of a local market. Moreover, the payback period is longer than in large scale production.
Pellet production is the most developed in Russia, because of the possibility for local use and export. Local pellet use is now in the development stage and many power plants still need upgrading but pellet producers are trying to introduce pellet fuel boilers in the local market.
Regarding the sources of biofuel, there are several possibilities for Russian producers. Russian ethanol producers are oriented on second generation biofuel from lignocelluloses biofuel from wood and agricultural waste to produce bioethanol and biobutanol. Wheat and corn are the most energy containing crops which can be grown in Russia for bioethanol production. And, finally rapeseed is the most suitable oil crop for the Russian climate for biodiesel production.
Rather mild climate in the central part of Russia and possibility to use all type of locally available biofuel crops made this region the most attractive region for biofuel production. Majority of biofuel plants are located in that region. Europe is the main biofuel consumer for Russian biofuel and close location is another factor for biofuel development in that region.
V.PROBLEMS RELATED WITH BIOFUEL PRODUCTION AND USE
An analysis of the potential problems for biofuel consumption and use presented below reflects all potential difficulties in biofuel production. Sustainable biofuel production is a goal of current global agenda. The framework (see Fig.1 ) of this research reflects all aspects of sustainable development such as social-environmental, environmentaleconomic and social-economic. However besides sustainability issues there are other problems related with biofuel production. Technological constraints can be factors which limit the production and use of biofuels and furthermore political obstacles can even prevent biofuel development in the region.
A. Environmental-Economic
Biofuel was introduced to the general public as an alternative to traditional fuel. Fossil fuel production is not environmentally friendly and is associated with risks for the environment. Biofuels in its turn was seen as environmentally friendly and a safe option to replace fossils.
Using biofuel production as a tool for waste management provides the economy with a suitable and efficient way to solve issues related to waste utilization and recycling. Pellets and ethanol production in Russia has been established to reuse wastes from forestry, the paper industry and agriculture. This is a sustainable approach, however nowadays there is little demand for biofuels, while there is a supply. Governmental incentives can change this situation and promote biofuel use in the local market in Russia. On the other hand the demand for fuel is much higher than the sustainable biofuel industry can produce, which means that producers, trying to satisfy the needs of the customers, might use other resources to comply with the demand. A well-balanced, resource efficient governmental strategy is required in order to regulate sustainable production.
Land use for growing crops and forests for biofuel purposes is under big debate nowadays. The location of a biofuel manufacturing plant depends on many factors, like accessibility, availability of labor and resources for production distance to consumer. Growth of demand for biofuels lead to increase of demand in resources, available land can be used for biofuel crops that causes land use change and as a result increase of total carbon emissions.
Another problem for biofuel production is environmental risks. Biofuel production based on agricultural products is highly dependent on natural factors, especially in Russia's changeable weather conditions. Recoupment time of a biofuel plant, according to the experts, is about two years [20] , however this time can be increased sufficiently from environmental cause such as lean year (for example rapeseed) or emergency weather conditions. These factors can sufficiently decrease production performance, although risks are part of any production so companies should be aware of such risks and take appropriate measures to solve possible problems.
The fact that agricultural waste, such as wheat straws, was earlier used a lot in Russia as a natural fertilizer [21] . Now these wastes are used for biofuel production which can lead to impoverishment of lands. On the other hand, the production of fertilizers requires sufficient energy input and resources, therefore proper waste management and agricultural planning must ensure the security of sustainable agriculture and the preservation from environmental impacts.
Bioethanol production for local use is not profitable in Russia due to the federal law "About state regulation of production and marketing of ethyl alcohol, alcohol and alcohol containing products". As was mentioned before, the nominal price of 1 l of ethanol including ethanol tax is about 0,8 Euros (30,5 rubles), while 1liter of gasoline is about 23 rubles (0,6 Euros) [22] . Therefore bioethanol production is now oriented towards the European market. Current biofuel production is mainly export oriented due to several reasons:
• Local legislation constraints • Low development of infrastructure for biofuel use • Low public awareness. Local bioenergy programs propose bioenergy cluster development. With this approach it is possible to increase energy efficiency and reduce waste formation in the plant. Nevertheless energy efficiency in the factories is a subject of concern, renewable energy should be used for production, moreover up-to-date technology and innovative approaches can reduce energy consumption for biofuel production. In reality, when biofuel production of the local manufactures is not the main but one of the side products (for example in the regions in the Urals), it is unrealistic to upgrade the equipment frequently. In this case a closed cycle for biofuel production and local use can be a sustainable option to increase energy efficiency.
Local biofuel use can be developed through promotional measures, governmental assistance and legislation measures. On a company-level biofuel use as a part of the company's energy strategy improves environmental as well as economical performance and efficiency.
B. Social-Environmental
Biomass is a resource accessible to everyone; nevertheless the amount of biomass on the planet is not infinite. Sophisticated management of biofuel production is necessary to maintain the balance of biomass and ensure biodiversity.
The development of bioenergy industry moves agriculture towards using monoculture crops, which influence soil productivity. Specialization in one type of biofuel crop will lead to soil degradation; instead several types of crops can be used to avoid soil degradation and erosion. In the Krasnodar region, as the main food producer in Russia, where the field occupies a large territory, it is possible to produce rapeseed in a soil preserving way by changing the area for rapeseed planting. Other regions in Russia may also face this problem and should develop measures for soil preservation.
Biodiesel is considered to be biodegradable [23] , the eventual toxic effects of ethanol are also considered as minimal to the environment [24] . Butanol is more toxic than ethanol but still biodegradable. Nevertheless, storage and transportation of biofuel has risks and requires proper assessment to minimize environmental and social risks. Any impact on the environment has harmful consequences not only to nature but also to people.
Land use change due to agricultural expansion leads to biodiversity loss, fragmentation and increased greenhouse gas emissions. One of the aims of sustainable bioenergy production is to use biofuel production as a tool for waste recycling; as a result it will decrease the need for new agricultural lands. The efficient use of available agricultural lands in Russia allows utilizing abandoned and empty farm lands. According to the Russian Minister of Agriculture (2009), around 30 million ha of agricultural lands are currently not in use in Russia. These lands can potentially be used for biofuel production. In this case, there is no need to compromise food to fuel and agricultural production remains at the same level.
In order to be fossil independent, biofuel production should be part of the renewable energy strategy, because only biofuels cannot solve the growing demand on fuel for cars, which constantly expects growth of the fuel supply. This fuel dependence subordinated the shapes of the cities and transportation habits. The replacement of fossil fuels by biofuels will not change this fact. The only solution is to decrease the consumption of fuel by managing public transportation, city planning and personal attitudes towards transportation needs.
It takes some time to restore biomass to produce the same amount of it. Growth of consumption will lead to growth in biofuel supply and as a result to biomass degradation caused by overproduction so it will be difficult to restore biomass.
Biofuel production should not compromise access to environmental benefits so that biofuel production will be distant from natural reserves and use environmentally friendly technology.
C. Social-Economic
Biofuel was introduced to the general public in Russia only recently and still bioethanol and biobutanol are not publicly accessible due to the unprofitability of local markets and even biodiesel is not yet very popular. Only pellets are publically available.
The delay of biofuel supply created by the legislation barrier can be used to establish an infrastructure to increase accessibility, because it always takes time to make innovative products available and convenient to use. This factor would increase the attractiveness of biofuels for consumers and they would more likely accept biofuels.
On the other hand not only biofuel producers but also car manufacturers and infrastructure developers are interested to find out whether existing users are enough to make the decision to switch from conventional fuels to biofuels before investing. Customers, in turn expect a variety of the flexiblefuel vehicles in the market and accessible filling stations for biofuels [25] .
This fact creates a delay for biofuel introduction into the market on a large scale, but pilot projects in regional cities like Irkutsk and Krasnodar could increase public awareness and would make the process of biofuel integration into society milder.
Nowadays the majority of the biofuels produced in Russia is exported. The delay in the local market development provides the chance to avoid the problem of a lack of infrastructure and the establishment of a high level of demand.
Another major problem related with biofuel is food versus fuel dilemma. Russian biofuel producers see the current situation as a chance to develop the agricultural sector, enlarge the sown areas and attract investments [26] . However, if the management of the biofuel production will not be sustainable in terms of resources, for example if biofuel producers will switch to food crops from what is traditional for Russia (rapeseed), then this may lead to a growth in food prices. The company strategy should be transparent to the general public so that they can influence and reflect about the changes.
Regional programs for bioenergy development established by several regions promote competitiveness in the market and advance research and development in the industry, which should lead to better quality and services.
Social interests in biofuel production are very important to establish sustainable development, because society is the final consumer of the biofuels.
D. Political
Besides intentions for sustainable development, the political strategy of the country is always a priority. Oil and gas export is one of the main concerns in the current political agenda. Fuel and energy complex provides over 50% income of the state budget, which is why biofuels has not got enough attention.
The number of vehicles and fuel consumption is rising while oil discoveries have been declining [27] . Meanwhile, the technological development of biofuel has reached a high level nationally and internationally and Russia is ready to provide alternatives to fossil fuel. Biofuel companies have appeared in the Russian market mainly due to the high demand in biofuels in the international market. Nowadays about 90% of produced pellets and 100% bioethanol is being exported [28] .
Why is the local Russian market not developing? There are several legislation barriers that prevent biofuel market development. One of them already mentioned, the federal law "About state regulation of production and marketing of ethyl alcohol, alcohol and alcohol containing products", makes bioethanol production unprofitable in the local Russian market. Another one is the lack of promotion measures. The draft of the law "About the use of alternative motor fuels" has already been developed and presented at parliament hearings but was not been supported by the oil companies, although Gazprom (main gas company in Russia) is interested in this law but still does not actively lobby it, says RBC Daily. The following law is designed to make 50% tax exemption from the vehicle tax for alternative fuel cars [29] . The Government does not have a complex biofuel strategy which would allow performing complex policy and solving these issues.
Nevertheless standardization processes have been already started and the state standard "Unconventional technologies. Bio-waste energy. Concepts and definitions" has been commissioned [30] . Bioethanol producers try to lobby the amendment to the federal law "About state regulation of production and marketing of ethyl alcohol, alcohol and alcohol containing products" and include the notion of technical ethanol and exempt it from the alcohol taxation measure [28] . Until this measure is done, the bioethanol market in Russia has a very low chance for development.
A unified governmental policy is required to regulate the biofuel market and assist in biofuel promotion. Otherwise the current legislation framework will prevent the use of biofuel on a local level.
E. Technological
Resources for biofuel production can be found almost everywhere, however proper infrastructure and availability of land and water resources, and proper climate are requirements for the establishment of a successful production cycle.
Besides environmental constraints, there are some technological disadvantages of biofuel production as well as use. The main problem now in second generation bioethanol production is the conversion of cellulose and lignin in a way so that the waste products from the chemical process would be environmentally friendly. Moreover, as was mentioned before, biobutanol production requires technological enhancement to increase the yield. Both processes require being less energy demanding which, in turn; will make biofuels more economically attractive.
Regarding the use of bioethanol, there are concerns about increase of fuel consumption in the blends as well as 100% of ethanol fueled cars [31] . Older cars are not suitable to use even 10% blends [31] . This technological disadvantage makes bioethanol less attractive to the customers. One suggested solution is to further improvement of motor engines to increase fuel consumption efficiency. This strategy of performance improvement is being constantly used in traditional petroleum engines.
Another technological problem is vaporization. Alcohols have a low boiling point and high vapor pressure, during hot summer day it may cause vapor lock [32] . And otherwise, in winters fuel must be vaporized before burning in the engines but in the cold weather it may cause problems with engine starting [32] . Butanol has a lower vapor pressure and has better characteristics in engine performance.
Biodiesel use in Russia might be obstructed by the biodiesel performance in the cold weather. Biodiesel requires preheating before pumping when the outside temperature is low. Nevertheless use of the blend of 20% of biodiesel with 80% of traditional diesel illuminates this disadvantage. Consumers complain about the reduction of power of the engine and more frequent maintenance of cars.
Biodiesel transportation requires special management. Pipe transportation is complicated due to the increase of viscosity in low temperatures and has difficulties with storage in colder climates. For the Russian climate, this feature can significantly decrease compatibility of biodiesel. Furthermore, ethanol cannot be transported through oil-pipeline. These pipelines are not waterproof which means they will allow water to come inside. Ethanol is susceptible to water and will easily mix with it which will decrease the quality of ethanol and will be damaging for the vehicles that will use it [32] . Biodiesel and bioethanol can be transported by trucks and rail but this increases the cost. Biobutanol in turn is less susceptible to water and less corrosive than ethanol and thus it can be transported through the existing gasoline pipelines [33] . Moreover, alcohols can be corrosive to certain materials [32] and equipment that stores or uses alcohol as fuel must be checked regularly.
Despite some technological disadvantages, biofuels can still be used and produced in an efficient way and modern science can find solutions for the improvement of biofuel performance and compatibility. The next section evaluates the environmental-economic performance of biofuel in order to reveal positive and negative sides of biofuel production and use.
VI. ANALYSIS OF BIOFUEL POTENTIAL DEVELOPMENT IN RUSSIA
The lack of institutional support, as was discussed earlier creates barriers for local market development. This causes financial obstacles due to a lack of investments in renewable ________________________________________________________________________________________ Volume 4 71 energy. The low interest in biofuel keeps equipment prices high, due to low demand. The unstable economical situation prevents the development of long-term loans at affordable rates [9] .
The development of the local biofuel market is currently not a priority for the government. Ethanol production will be cost efficient, as soon as bioethanol tax exemption is introduced to state legislation.
While political and legislation problems are still in the negotiation process on the state level, the development process of the regional biofuel industry moves forward. This fact seems to be controversial but local producers want to be ready to provide biofuel when all regulation issues will be solved.
Many regions are already working on bioenergy projects. Biodiesel production for the Russian local market is not yet cost efficient because European countries such as Germany, where biodiesel production is being subsidized by the government, are ready to buy rapeseed oil at even higher prices than biodiesel [28] . This is another limitation for biofuel production for local purposes.
Meanwhile, in the bio-clustered regions like Tatarstan, Irkutsk and Chuvashia, programs for biofuel promotion have already started by increasing awareness and access to information about the benefits and means of biofuel use.
Wood pellets are already available for the local private and industrial use. The energy performance of Russian heat and electricity producers is highly inefficient due to the use of outdated equipment. The introduction of biofuels to Russian industry will not only improve environmental performance, but also increase the energy efficiency of manufactures. Loss of electricity and heat in the stage of consumption and transportation in 2007 was 36,1 and 14,7 million of equivalent fuel, it is about 10% from total production [22] .
Bioenergy as one of the instruments of the federal Program "Increase of energy consumption efficiency" can promote the use of new technologies or upgrading of existing equipment and improve energy efficiency on a regional as well as state level.
A. Potential biofuels production capacity
Bioenergy use can solve several problems in Russia, such as increase accessibility of energy and electricity for remote locations and low-populated areas. It might also be useful for heating of the country houses and villages which do not have access to central heating.
A Centralized heating and electricity system is the most common type of heating supply, which supply large areas with electricity and heat. Centralized heating systems make consumers more vulnerable; in case of emergency accidents many people will be cut off the heating supply. Biofuels like pellets allows decentralizing heating supply.
Scientists have difficulties to provide an accurate estimation of biofuel production. Available calculation data affirms the production capacity to be up to 117 million ton of bioethanol, 95 million ton of biobutanol per year [34] .
However, this estimation does not provide information about the sustainability of production and makes it harder to understand if this amount of biofuel will contribute to the well being of the environment. Chasing the profit, producers sometimes does not pay attention to sustainable approaches. Especially if the waste wood industry and agriculture can be the source of biofuels, it can be a sustainable way to recycle the waste, which is very vital for Russia, because recycling is not developed in Russia on a large scale.
B. Evaluation criteria
The potential capacity of sustainable biofuel production has been calculated. Results are very approximate, because many assumptions were made during calculations and only two scenarios of biofuel development were taken into account. Nevertheless, the outcomes represent a tendency and show the approximate amount of biofuel which makes it possible to make a comparison with total consumption. From waste products it is possible to produce bioethanol, biobutanol, biogas and pellets. Beside the waste sources for biofuels, rapeseed was chosen as a source for biodiesel production due to the availability in current agricultural scheme of the country and the possibility to grow it in the majority of regions. Moreover rapseed will not compromise food needs of the Russian people as rapeseed oil is used only for technical purposes in Russia. Sunflower oil was not considered in this calculation due to its essential demand on a food market. Biogas production is hard to estimate based only on statistical data available for calculation and will not be presented in this research. Biobutanol production is still in the development stage and data regarding yield and energy balance is currently unavailable, thus biobutanol was eliminated from the calculation as well.
C. Evaluation analysis and results
Based on statistical data from the Federal statistical service about waste generation from the wood and paper industry and agricultural activity two scenarios of biofuel production have been proposed. According to Scenario A, all unutilized 1 wastes from the wood industry are used for pellet production, wastes from the paper industry and wheat straws as waste from agricultural industry are used for ethanol production and all rapeseed goes to biodiesel generation. In Scenario B all selected wastes (wood waste for pellet production, wheat residues and paper waste for bioethanol production) were used for biofuel production, biodiesel production remains constant, as agricultural changes has not been taken into account. Results of estimation presented in the table above allow comparing possible sustainable biofuel production with total energy consumption in Russia. Of course real biofuel production capacity is higher than the estimated amount due to the fact that biofuels can be produced from other sources of waste, crops or biomass. However, the obtained results already confirm the idea that biofuels can generate a sufficient amount of energy. It is unrealistic to state that biofuels can replace all energy sources although it can have a sufficient share in the public energy consumption. Figure 3 demonstrates that biofuels can nearly cover energy needs of general public, reminding that there are other sources for biofuel production. It means that proper measures for biofuel energy development and promotion measures can sufficiently decrease fossil fuel dependency and in turn decrease carbon footprint. 
VII.RECOMMENDATIONS
Biofuel was introduced to the Russian market recently and has not been favored yet. Political and legislative reasons prevent rapid growth of local markets, while the majority of biofuels produced in Russia goes to export, mainly to Europe [28] . A long-term practice of fossil fuel use, confidence and reliance of the customers to petroleum makes biofuel promotion difficult in Russia.
However global practice demonstrates significant changes in biofuel promotion. Sweden, the biggest player in the biofuel market, has a goal to be vehicle fossil fuel independent by 2030 [35] . Sweden was among the few countries that complied with the EU goal of replacing 2% of all petrol (diesel and gasoline) with biofuels by the end of 2005 [36] . This example demonstrates that proper management and governmental support can assist in developing the local market and sustainable production.
As was mentioned earlier, a planning strategy must compliment the bioenergy strategy. Biofuel incentive as an alternative fuel should go hand in hand with a strategy for the reduction of car use and the promotion of municipal transport. Biofuel itself cannot completely reduce greenhouse gas emissions. Only complex measures for fuel consumption reduction can lead to sustainable biofuel use.
Environmental advantages of all types of biofuels over fossil fuels are established, however as was mentioned biofuel production is not as cost efficient as fossil fuel production. European countries, such as Germany and Sweden actively subsidize biofuel production [28] , while Russian incentives still lack governmental support.
Hence, based on the argument provided in the paper, to promote biofuel use and development of local application on a national level the following measures are necessary:
Apart from strategy for biotechnology development, develop a well-structured biofuel policy which foresees legal framework, financial mechanisms and promotional measures for biofuel production.
• Develop additional regional biofuel strategy and local policies based on the situation in the region.
• Develop complimentary action plans for popularizing biofuels and corresponding policies of waste management and agricultural changes.
• Create standardization and certification measures to establish competitiveness of biofuels in the market.
The biofuel strategy should define a role biofuel in energy schemes of the country, mention resources available for biofuel production, elaborate measures for financial support and stimulation of demand in biofuels. Financial support may have different ways to be established: direct grants from federal or regional budget for the regional production development, biofuel manufacturing projects or upgrading projects for biofuel use which are investment attractive and contributes for the local biofuel use. The feed-in tariff policy, which is common in Europe, supports renewable energy generation which provides guaranteed grid access and longterm contracts favorable purchase prices [37] , can be a useful financial key factor for biofuel promotion. For instance, the industrial Yekaterinburg region, which has a developed wood industry and consumes about 5% of total electricity consumption of Russia [22] , has the capacity to develop a pellets and bioethanol industry. Upgrading district heat and power plants will allow increasing energy efficiency and decreasing air emissions in the region. The main legal barrier for bioethanol access to the biofuel market is the federal law "About state regulation of production and marketing of ethyl alcohol, alcohol and alcohol containing products", which puts high taxes on bioethanol. It is required to create a tax exemption policy for bioethanol to reduce the price on it and make it accessible for the general public.
A regional bioenergy strategy, mentioned previously, has already started to function. A federal biofuel strategy should reflect the needs and create opportunities for research and development of regional programs.
Complementary programs for agricultural efficiency and land use, waste management and recycling policies can stimulate production and reduce bureaucratic barriers. An agricultural biofuel policy should be aimed at establishing lands available for biofuel production; preserving sustainable farming and put in use unutilized and empty lands.
A waste management policy is also a complex instrument and has difficulties for the implementation on a country level, especially if recycling programs are not applied on a large scale in Russia. However, waste management policies can be put into practice on local and regional scales. Such policies can increase the quantity of wastes suitable for biofuel production. The Swedish town Vesterås uses household wastes for biogas production for public transports, providing educational programs for the local population as stimulation for waste separation.
Biogas from sewage and waste program may be a suitable alternative on a local level. Eskilstuna (Sweden) commune is a good example of successful sewage management; the biogas program was implemented there for the local waste water treatment plant and uses obtained biogas as a fuel for the local busses. This program is difficult to apply without proper waste management; another problem is financial aspects for upgrading old sewage treatment plants. The federal program of reformation of housing and communal services started in 2003 can be another tool for regional and municipal governments to introduce new waste handling technologies [38] . Biogas from sewage is beneficial for the whole community and can reduce fossil fuel consumption on a local level.
Nevertheless, production of biofuel is only one side of the coin. Biofuels should have a demand among consumers (general public and private companies). State promotion should not be limited only to financial aid, it is important on the current stage of development to popularize biofuels. Information about biofuels is limited and requires improvement, information about the variety of regional programs; achievements in innovative approach should be accessible publicly. Information about advantages of biofuels is limited and compatibility as a fuel to engines is not spread among car owners. Biofuel is viewed to be a fuel for the future and an option for "not-today" discussed on various forums of car owners [39] . Biofuel producers should work on the popularization of biofuel use. A good practice was shown by the Corporation of biotechnology that organized promotion race from Irkutsk to Tolyatti on biofuel filled cars [40] . However, these measures seem to be insufficient and both governmental authorities and private companies should work on promotion measures.
State promotion measures can include a tax exemption policy for biofuel use. The main economical instruments used currently for fuel taxation mechanisms are the following [41] :
• Vehicle tax;
• Environmental classification of vehicles and tax differentiation; • Excise duty on fuel;
• Taxation of company cars and free motor fuel. The proposed exemption policy is to be applied on the environmental classification of vehicles and tax differentiation, which is part of the vehicle tax, and excise duty on fuel. Thus biofuel and biofuel cars will be promoted and will be profitable to buy and use.
Another financial measure can be "biofuel for heating tax exemption" as a public-private partnership between the government and biofuel consumers, organizations and private people that chose to produce heat and/or power in environmentally friendly way would have subsidies as promotion measures.
Besides financial assistance it is important to increase accessibility of fuels. A blending mandate, which already functioning in Europe [36] , can be suitable for Russia as well, it will promote infrastructural development and improve environmental situation in general.
The success of policy implementation is defined by the level of commitment and willingness to make changes. Despite political and economical instability and the apparent fossil privileges that Russia has, there is room for alternative sources of energy. It is time to diversify the energy balance and accept environmentally friendly renewable technologies. The Minister of Energy of the Russian Federation announced recently that in five years Russia will start using biofuels. Only a couple of years ago Russia was an outsider in the global biofuel scheme, now the interest to biofuels has grown significantly therefore policy measures and governmental support should assist further developments.
